Background Intraductal papillary mucinous neoplasm (IPMN) is an increasingly recognized pancreatic neoplasm characterized by excessive mucin secretion by ductal epithelial cells resulting in a cystic dilation of the pancreatic duct. Aim The objective of this study was to review Thomas Jefferson University's experience and the literature to determine the significance of extra-pancreatic mucin when associated with an IPMN. Results A retrospective analysis at our institution revealed only two cases of IPMN associated with extra-pancreatic mucin, which were classic IPMNs with rupture of the pancreatic duct and peritoneal mucin spillage. This specific finding is not previously described, although is assumed as five cases were reported in the literature with IPMN and mucin extension demonstrated by pseudomyxoma peritonei (PMP). We propose IPMN of the pancreas may be grossly compared to a mucocele of the appendix, as both are characterized by excessive secretion of mucin by ductal epithelial cells. A morbid complication of a mucocele is PMP. The presence of extra-pancreatic mucin with an IPMN could present a rare but important marker of the eventual seeding of tumor outside the primary IPMN. This has been documented with cases of iatrogenic spilling of pancreatic mucin, as well as multiple cases of IPMN associated with pseudomyxoma peritonei. Conclusions At this time, there is scant reporting and consensus for the treatment of IPMN with extra-pancreatic mucin.
Introduction
Mucin-producing tumors of the pancreas represent a group of premalignant or malignant neoplasms forming multilocular cysts and lined by tall, columnar mucinous epithelium. These tumors are most broadly divided into mucinous cystic neoplasms (MCN) and intraductal papillary mucinous neoplasms (IPMN). IPMN is characterized by a cystic dilation of the main or branch pancreatic duct with excessive secretion of mucin by ductal epithelial cells. [ 1, 2 ] Its prevalence is now 5% to 7% of all pancreatic neoplasms [ 3, 4 ] , and it represents the final pathology encountered in 17% to 25% of all pancreaticoduodenectomies in multiple contemporary large series. [ 2, 5, 6 ] Two clinically distinct subtypes of IPMN have been reported: main pancreatic duct tumors and side branch duct tumors. Both groups have a slight male predominance, mean age of roughly 65 years old, and may present with symptoms of vague epigastric or back pain, and acute or chronic pancreatitis. [ 6 ] Patients with main duct IPMN are more likely to develop acute pancreatitis, steatorrhea, diabetes mellitus, weight loss, and have a longer duration of symptoms. [ 7 ] Despite these varying clinical presentations, two thirds of patients remain asymptomatic and their IPMN is discovered incidentally. [ 2 ] The more common main duct IPMN is typically located in the head of the pancreas. It can produce enough mucin to enlarge the ampulla of Vater and reveal a wide-open orifice with mucin extrusion, a pathognomonic finding at endoscopy. [ 2, 7 ], [ [8] [9] [10] [11] ] When the IPMN produces enough viscous mucin, then biliary obstruction, pancreatitis, and fibrosis may ensue. [ 2, 12 ] A retrospective analysis of 136 patients at the Johns Hopkins Hospital revealed 71% of patients had IPMN in the proximal pancreas (head, neck, or uncinate process). Only 10% of IPMN occurs in the tail of the pancreas with radiologic similarities to MCN. [ 13, 14 ] Although difficult to differentiate radiologically, IPMN typically exhibits multicentric occurrence along the main pancreatic duct with direct communication to the duct, while MCN is almost exclusively found in females, is a larger, well-circumscribed lesion with characteristic underlying ovarian stroma, is typically a pancreatic tail lesion, and is rarely contiguous with the main pancreatic duct. [ 7, 13, 14 ] Few cases of IPMN are associated with extra-pancreatic mucin. The first case was described in 1998 with the development of pseudomyxoma peritonei as extension of mucin beyond the pancreatic duct after presumed mucin leakage from an IPMN. [ 15 ] Since then, four more cases of pseudomyxoma peritonei originating from IPMN of the pancreas have been reported. [ 11, [16] [17] [18] ] As so few cases have been described, further study is indicated to determine the significance of peritoneal or lesser sac infiltration of mucin. Herein, we present two cases at our institution of extrapancreatic mucus from a primary IPMN of the pancreas.
Patients: Clinical History and Management
Our identification of these two cases of IPMN with extrapancreatic mucin led us to examine our database in an effort to uncover previous but unrecognized cases. In an institutional review of operative and pathology reports from Thomas Jefferson University Hospital, we identified over 300 patients who underwent a pancreaticoduodenal resection for pancreatic or periampullary cancer over a 6-year period (2001) (2002) (2003) (2004) (2005) (2006) (2007) . IPMN was reported as the final surgical pathology for 21 and 15 of the pancreaticoduodenal resections and distal pancreatectomies, respectively. Of the 36 total patients with surgically treated IPMN, no additional cases reported a ruptured cystic lesion, a pancreatic duct rupture, or any extra-pancreatic spillage of mucin. In reviewing each operative report individually, there was no evidence of any malignant ascites, carcinomatosis, or omental implants in the 34 patients without extra-pancreatic mucin.
Patient #1
A previously healthy 75-year-old man was noted to have a large cystic mass of the pancreas incidentally on computed tomography (CT). He was asymptomatic and had no history of obstructive jaundice, pancreatitis, or alcoholism. On physical examination, his abdomen was benign, with no hepatosplenomegally, masses, or lymph nodes.
Computed tomography (Fig. 1 ) and magnetic resonance imaging revealed a large 8 cm×10 cm×20 cm multiloculated and septated cystic mass arising from the tail of the pancreas, extending anteriorly and inferiorly along the transverse mesocolon. The pancreatic duct was dilated to 14.1 mm in the distal body and tail, and was continuous with the cystic component of the exophytic mass.
The patient underwent exploratory laparotomy that revealed a large multilobulated cystic lesion in the body and tail of the pancreas with what appeared to be extrapancreatic mucin involving the lesser sac. Several focal deposits of a yellow-tan gelatinous material were encountered within the lesser sac, suggesting the neoplasm had ruptured, expelling extra-neoplastic mucin.
An open cholecystectomy, distal pancreatectomy, and en bloc splenectomy were performed. Final surgical pathology confirmed an IPMN of the pancreatic body and tail with focally moderate dysplasia (ductectatic mucin-hypersecretory type), no evidence of invasive cancer, and no regional lymph node metastases. Soft tissue samples from the lesser sac were reported as pauci cellular mucinous cyst, consistent with extension from a pancreatic IPMN. The patient recovered without incident and was alive and well at last follow-up, 
Patient #2
A 75-year-old man had a cystic lesion in the neck of the pancreas found on computed tomography for workup of a cough. He was previously asymptomatic without evidence of abdominal pain, obstructive jaundice, or weight loss, and had no previous history of pancreatitis or neoplasia. On physical examination, he was a well-appearing, nonjaundiced male, with a benign abdomen and no evidence of hepatosplenomegally, lymphadenopathy, or masses.
The patient had liver function tests within normal limits and a CA 19-9 that was normal at 15 U/mL. His initial CT revealed a soft tissue abnormality within the anterior aspect of the head of the pancreas with an associated dilation of the main pancreatic duct (Fig. 2) . The duct was dilated to 9.6 mm in the pancreatic body. A lymph node within the lesser sac, anterior to the pancreatic head, measuring 3.1 cm×1.7 cm was also reported. A helical CT was performed revealing a lobulated, low-density lesion measuring 3.5 cm×2.5 cm arising exophytically from the anterior aspect of the head of the pancreas with associated main pancreatic duct dilation. Endoscopic ultrasound and fineneedle aspiration were performed revealing the complex cystic neoplasm having multiple mural nodules and papillary projections. FNA cytopathology revealed mucinous material consistent with a mucinous neoplasm, and the patient was referred to surgery.
The patient underwent an exploratory laparotomy revealing a cystic lesion in the head and neck of the pancreas that appeared to have excavated out the anterior aspect of the gland. There was some evidence of extra-pancreatic mucin in the lesser sac and some mucin embedded within the lesser omentum.
An open cholecystectomy and extended pyloruspreserving pancreaticoduodenectomy were performed, and the frozen section pathology was initially reported as an IPMN with high-grade dysplasia and tumor-free margins. Excision of a portion of the lesser omentum and extrapancreatic mucin was performed revealing an epithelial lined cyst with mucin extravasation. Final surgical pathology reported adenocarcinoma with abundant extracellular mucin of the lesser omentum and invasive adenocarcinoma (colloid type) associated with IPMN carcinoma in situ, without lymph node involvement. The patient had an uncomplicated recovery and received no chemoradiation therapy in the adjuvant setting. He subsequently was found to have an asymptomatic incisional hernia and a significant burden of intra-abdominal mucin on follow-up CT performed 21 months post-resection. He received palliative chemotherapy, declined surgical debulking, and succumbed to his disease 43 months post-resection.
Literature Review and Discussion
First formally described by Ohashi et al. in 1982, IPMNs are pancreatic neoplasms that accumulate mucin within dilated ducts, which he termed "mucus secreting pancreatic cancer." [ 8 ] Throughout the early 1990s, this entity acquired many names including "mucinous ductal ectasia" [ [19] [20] [21] , "mucinhypersecreting tumor" [ 9, 22 ] , "mucin-producing tumor" [ 23, 24 ], "intraductal mucin-hypersecreting neoplasm" [ 25 ] , and "intraductal papillary-mucinous tumor". [ 26, 27 ] In 1996, the World Health Organization officially classified these tumors as a distinct histological type of exocrine tumor of the pancreas and designated intraductal papillary mucinous neoplasm (IPMN) to replace the multitude of older terms.
[ 28 ] IPMN have variable degrees of papillary epithelial dysplasia, mucin production, cystic dilation, and invasiveness. The WHO originally classified these tumors into four histopathologic stages, including benign adenomas, borderline lesions, malignant non-invasive (carcinoma in situ), or invasive carcinomas.
[ 28 ] The newest nomenclature was published by the Armed Forces Institute of Pathology (AFIP), in 2007, in which they sub-classified the non-invasive carcinomas into low-grade, moderate, and high-grade dysplasia.
[ 29 ] IPMN can also be classified as either main duct or branch duct types with a differing incidence of benign and malignant lesions being associated with each type.
We conducted a literature review within Ovid MEDLINE searching the English language literature from 1948 to present. The search terms "IPMN" and "intraductal papillary mucinous neoplasm" were individually combined with each of the terms "extra pancreatic mucin", "pancreatic duct Fig. 2 Abdominal CT scan of patient 2. Exophytic mass from anterior aspect of pancreatic head associated with main pancreatic duct dilation. M0mass, arrow0dilated main pancreatic duct rupture", "malignant ascites", "carcinomatosis", "peritoneal implants", and "pseudomyxoma peritonei". In our review, five cases of IPMN were identified with associated extrapancreatic mucin. Each case of IPMN was associated with pseudomyxoma peritonei, suggesting that the excessive mucin production of the IPMN ruptured the pancreatic duct, resulting in spillage of mucinous material into the peritoneal cavity. [ 11, [15] [16] [17] [18] ] Characteristics of the five case reports from the literature and the two present cases are summarized in Table 1 . All five previous patients were also male, with a mean age of 60.6 years, ranging from 49 to 82 years old. Three of the five previously reported patients presented with symptoms associated with a mass in the pancreas: abdominal fullness and loss of appetite. Two patients presented with IPMN of the tail of the pancreas, one with tumor of the body and tail, and one with diffuse tumor of the pancreas with secondary retroperitoneal involvement. Of the three previous cases with tumor size reported, the mean tumor size was 5.5 cm, ranging from 2 cm to 8.5 cm in diameter.
Both of the patients reported herein are male, keeping with the trend in the previously reported cases. In large studies of patients with IPMN, no significant gender prevalence is observed, although a slight male predominance is seen, nor is gender a predictor of malignancy. [ 13, 30 ] Both of our patients were 75 years old at presentation, slightly older than the previously reported patients with extra-pancreatic mucin. Previous reports have demonstrated age correlates with the degree of dysplasia, with IPMN adenomas presenting approximately 5 years prior to those with invasive cancer. [ 13, 30, 31 ] IPMN of the pancreas may be grossly compared to a mucocele of the appendix, as both are characterized by excessive secretion of mucin by ductal epithelial cells. A simple mucocele is typically a non-neoplastic lesion recognized by an epithelium that secretes mucin until a cystic, dilated appendix results. [ [32] [33] [34] ] The mucocele cells continue mucin production, resulting in a dilated appendix with a distended lumen, much like an IPMN results in a dilated pancreatic duct. Occasionally, mucocele can be caused by a neoplasm such as cystadenoma or cystadenocarcinoma of the appendix. In this neoplastic mucocele, the epithelium is lined by columnar cells with papillary projections, precisely as the epithelium of an IPMN. Also consistent with IPMN, the cystadenocarcinoma within the mucocele is typically non-invasive and does not commonly metastasize, although it can recur locally after surgical excision. Appendectomy is curative for benign lesions; however, a right hemicolectomy is recommended for all lesions invading beyond the mucosa. [ 32, 33 ] A histologic comparison may be made between an IPMN of the pancreas and an appendiceal mucinous tumor. The histologic features of IPMN with extravasated mucin are shown in Fig. 3 . In this figure, pseudomyxoma peritonei seen in association with IPMN is identical to pseudomyxoma RP retroperitoneal, NS not stated, AP abdominal pain, AF abdominal fullness, LOA loss of appetite, PPPD pylorus-preserving pancreaticoduodenectomy, IHCP intraperitoneal hyperthermic chemoperfusion, DP distal pancreatectomy, B borderline (moderate dysplasia), IV invasive carcinoma, SC systemic chemotherapy, IPC intraperitoneal chemotherapy, RAD radiation therapy, NED no evidence of disease, AWD alive with disease, DWD dead with disease peritonei arising in association with gastrointestinal malignancies, most commonly appendiceal mucinous tumors (Fig. 4) . A known and morbid complication of a mucocele of the appendix is pseudomyxoma peritonei, of which the reported 5-year survival rates range from only 53% to 75%.
[ 35 ] The risk of pseudomyxoma peritonei is so great that it has been suggested that a known mucinous tumor of the appendix should be surgically excised as an open procedure and not by laparoscopic technique. [ 34, 36, 37 ] A case of a mucinous adenocarcinoma of the appendix was laparoscopically resected without perforation or mucin spillage; however, diffuse mucinous peritoneal carcinomatosis subsequently developed. [ 36 ] Great care is taken to prevent manipulation or trauma to an appendix when a mucocele is present, to prevent extravasation of mucin, mucinous tumor implants, or mucinous peritoneal carcinomatosis.
Pseudomyxoma Peritonei
The clinical entity of pseudomyxoma peritonei was first described in 1842 by Rokitansky; however, it was Werth, in 1884, who coined the term pseudomyxoma peritonei (PMP) in regards to a case associated with an ovarian cystadenoma. [ 38, 39 ] In 1901, it again appeared in the literature, this time associated with a mucocele of the appendix. [ 40 ] PMP is a rare form of intra-abdominal neoplasm Fig. 3 IPMN with DPAM and PMCA were distinguished by the abundance of mucinous epithelium in the peritoneal lesions, presence or absence of cytologic atypia, mitotic activity, and the structural characteristics of carcinoma. This differentiation subsequently revealed significant survival differences.
[ 47 ] We believe it is reasonable to compare IPMN of the pancreas with extra-pancreatic mucin to the other mucinsecreting tumors more commonly associated with PMP as described above. In addition to the previously described five cases of IPMN associated with extra-pancreatic mucin resulting in pseudomyxoma peritonei (PMP), and our two additional cases, two other cases have been reported of iatrogenic seeding of IPMN into the peritoneal cavity. One case describes an endosonography-guided fine-needle aspiration biopsy (EUS-FNAB), which leads to IPMN dissemination.
[ 48 ] This case involved a 57-year-old man who had biopsy-proven IPMN of the pancreas diagnosed by EUS-FNAB. During operative management, prior to opening the omentum, peritoneal lavage cytology was performed revealing tumor cells. Initial cytology results staged the tumor as stage I (T1, N0, M0); however, positive tumor cells on peritoneal lavage cytology resulted in a stage IVB lesion (T1, N0, M1). Twenty months postoperatively, the patient developed carcinomatous peritonitis and died 5 months thereafter.
[ 48 ] The authors concluded the EUS-FNAB led to seeding of the peritoneal cavity secondary to leakage of cancer cells by needle puncture through the IPMN in the pancreas. The second case reported mucin spillage from the main pancreatic duct into the operative field during a pancreatectomy leading to peritoneal seeding, tumor metastasis, and death 7 months postoperatively. The natural history of IMPN is also unclear in regards to whether the pathology is a localized process or a diffuse pancreatic disorder of the ducts, making the required extent of surgical resection difficult to determine.
It is well reported that IPMN has invasive malignancy encountered in 36% to 53% of resected IPMNs, with an average of approximately 40%. [ 1, 6, 13, 27, 30, 31 ] There is obvious bias toward the resection of larger, more suspicious main duct IPMNs and a tendency to observe smaller branch duct IPMNs. In a large patient series, the 5-year survival with invasive and non-invasive IPMNs are 43% to 60% and 77% to 100%, respectively. [ 13, 30 ] The recurrence rates for invasive and non-invasive IPMN have a wider range of 7% to 90% and 0 to 10%, respectively. [ 6, 30, 31 ] IPMNs, including low-grade, moderate, and high-grade dysplastic lesions, undoubtedly are capable of recurrence even after a "curative" resection, unlike mucinous cystic neoplasm in which absence of invasive carcinoma predicts cure.
In 2006, consensus guidelines for the treatment of IPMN were established in Sendai, Japan by the International Association of Pancreatology.
[ 55 ] The current recommendations are to resect all main duct, mixed variant, and symptomatic branch duct IPMNs. Resection is based on the location and extent of the IPMN. In general, a pancreaticoduodenctomy is typically indicated for a main duct IPMN of the head, neck, or uncinate process. A distal pancreatectomy is indicated for IPMN of the body or tail, and a total pancreatectomy is indicated if the IPMN diffusely involves the gland, or a proximal IPMN extends through to the body and tail.
[ 55 ] With each partial pancreatectomy, an assessment of the margin by frozen section is indicated to allow further resection for positive margins showing either high-grade dysplasia or invasive carcinoma.
[ 55 ] Total pancreatectomy is not commonly recommended, as it results in obligate insulin-dependent diabetes, predictable malabsorption requiring pancreatic enzyme supplements, and other metabolic complications. Despite being a possible curative operation for extensive noninvasive IPMN, it does not universally prevent recurrence for invasive lesions. [ 6, 13, 27, 31 ] If partial pancreatectomy is performed, mandatory remnant surveillance is recommended with a regularly scheduled imaging assessment (typically annual or biannual MRI with MRCP).
No reported guidelines for treatment of IPMN address the presence of extra-pancreatic mucin. The clinical prognosis and treatment likely changes, however, if the mucin produced within the IPMN is ruptured into the retroperitoneum, lesser sac, or peritoneal cavity, as it does for ruptured mucoceles of the appendix and PMP. If IPMN of the pancreas with extra-pancreatic mucin behaves much like mucocele and has the potential for PMP, should we be following an equivalent adjuvant treatment schedule?
In the setting of this risk, the presence of extra-pancreatic mucin could present a rare but important marker of the eventual seeding of tumors outside of the IPMN. This has been documented with iatrogenic spilling of pancreatic mucin as well as cases of IPMN associated with PMP. At this time, there is scant reporting and very few numbers of such cases reported. Consensus for the treatment and follow-up of IPMN with extra-pancreatic mucin requires more research in the areas of staging, appropriate treatments, prognosis, and outcomes.
